Introduction
Evolution of resistance in P. aeruginosa ΔkatA biofilms Ahmed, M. et al. 8 The experimental evolution of colony-biofilms and planktonic cultures were conducted as 148 previously described (23). In short, a single colony of P. aeruginosa ΔkatA was used to inoculate 149 LB for an overnight culture. Five µl of the diluted overnight culture containing approximately 10 6 150 cells (OD600 adjusted to 0.05 and diluted 1:10) was spot-inoculated on the top of polycarbonate 151 membrane filters (Whatman ® Nuclepore Track-Etched Membranes, 25 mm diameter, 0.2 µm pore 152 size) and incubated at 37 0 C to form 48 h colony-biofilms on LB plates. Membranes bearing 48 h 153 colony-biofilms were transferred to fresh LB plates with either 0.1 mg/L CIP (1/5 minimal biofilm 154 inhibitory concentrations) (CIP) or without CIP for 48h (CTRL) (passage 0 consisted of a 4 days 155 old biofilm; 2 days on LB followed by 2 days on LB with CIP). Every 48h the CIP and CTRL 156 membranes were transferred in 10 ml tubes with saline and biofilms were dispersed by vortex and 157 sonication. After adjusting the OD600 to 0.005 the bacterial suspension of CTRL biofilms was used 158 to start new biofilms on LB plates without antibiotics (CTRL). The bacterial suspensions of CIP 159 biofilms were used to start new biofilms on plates with 0.1 mg/L CIP (CIP). 160 A total of seven exposures (from passage 0 (P0) to passage 6 (P6)) to CIP with 6 independent 161 lineages were performed. 162 Two parallel lineages of WT PAO1 and P. aeruginosa ΔkatA were also evolved in anaerobic 163 chamber (Whitley A85 anaerobic workstation) for 7 passages (as described). To allow bacterial 164 growth by denitrification, the LB plates were supplemented with 1mM KNO3. 165 After each 48h, the CFU counts for each biofilm population were measured and the disrupted 166 biofilm populations were kept in 20 % glycerol at -80 0 C until further analysis. 167 Planktonic experiments were conducted in aerobic conditions with the same experimental design as 168 implemented with biofilm cultures. Briefly, 5 µl of an overnight culture of single colony of P. 169 aeruginosa ΔkatA was used to inoculate 10 ml LB media and incubated for 48h with shaking on an 170 186 The mutation frequencies of the evolved populations after each passage were investigated on LB 187 plates containing rifampicin (300 mg/L), as previously described (25). A population was considered 188 hypermutable when the mutation frequency was 20-fold higher than the mutation frequency of the 189 reference strain PAO1 (≥3 x 10 -7 ). The mutation rates were determined by a fluctuation test as 190 previously described (26) and calculations were performed using bz-rates web-tool Genome sequencing of aerobically evolved bacterial populations 193 The genome sequence was performed as previously described (23). In short, The CIP evolved 
Mutation frequencies and rates determination
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Sequencing of nfxB was performed on CIP resistant colonies selected from anaerobic experiments, 215 as described previously (28).
216
Statistical analysis 217
Graphs and statistical analysis were done using GraphPad Prism 7 software and R (version 3.2.5). 218 We conducted D´Agostino Pearson to check for normal distribution and Student t-test was used for 
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(p=0.001), P4 (p=0.003), P5 and P6 (p=0.002 and 0.003 respectively, t-test) (Figure1B). In ΔkatA 237 CIP-biofilm, there was a significant increase in the size of the resistant subpopulation developed 238 from P0 to P6 on 0.5 and 1 mg/L CIP (p=0.0001 and 0.001, t-test respectively).
239
Compared to the evolved CTRL populations (eight replicates), CIP-evolved biofilm ΔkatA 240 populations developed a significantly larger resistant subpopulation on 0.5, 1 (p<0.0001) and 2 241 mg/L CIP (p=0.01) (though for planktonic ΔkatA only on 0.5 mg/L) ( Figure 1A ).
242
The ancestor ΔkatA strain, which was used for initiating the evolution experiments, was tested for 243 the preexistence of resistant variants but no growth on 0.5, 1 and 2 mg/L CIP was observed; 244 indicating that the CIP resistant colonies were not present before the initial CIP treatment but 245 developed during the experimental evolution study. 246 Compared to WT PAO1(23), a higher CIP resistant subpopulation was observed in ΔkatA at 247 passage 3 (p= 0.01), passage 4 (p=0.02), passage 5 (p=0.02) and passage 6 (p=0.03)(figure S1).
248
Evolution of CIP resistance can occur in anaerobic evolved biofilms 249 In order to investigate the role of oxygen for the CIP resistant development, we evolved PAO1 and 
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This suggests that mutagenic mechanisms independent of ROS and RNS formation, such as SOS 260 response might play a role in mutagenesis towards ciprofloxacin in anaerobic conditions, as the 261 ones described in the CF mucus (30)(31).
262
Hypermutators evolve in aerobic ΔkatA biofilm populations and attain high MICs
263
The mutation frequencies were measured in CIP biofilm and planktonic lineages throughout the 264 passages.
265
In one out of six independent replicate lineages of ΔkatA biofilm, we observed increased mutation 266 frequencies corresponding to hypermutable phenotypes in the end of the experiment (P6) (> 3 x 10 -267 7 ). Analysis of the mutation frequencies at the different passages in this lineage showed that already (Figure 3 and Table S3 ). This was the case for nfxB, a negative regulator of (Table S2 ). In evolved biofilm and planktonic ΔkatA populations, mutations in TonB-dependent 318 receptors were found. TonB proteins are essential components in iron-siderophore uptake in 319 bacteria (34) and mutations in these genes were not observed in the evolved populations of WT 320 PAO1.
321
In ΔkatA CTRL biofilm compared to planktonic CTRL populations (evolved without CIP 322 exposure), minC which acts an inhibitor for cell division by inhibiting Z-ring assembly was 323 observed to be mutated in three different lineages. nitrosative stress (20), we propose that these stresses play a role in the biofilm-related increased 335 mutagenesis in biofilms. Respiration by denitrification of biofilm-embedded P. aeruginosa exposed 336 to low-oxygen tension could be supported by the nitrate present in LB media (approx. 20µM NO 3-337 )(29). In addition, it has been shown by transcriptomic (26) and proteomic studies (35) that under 338 CIP treatment P. aeruginosa switch to anaerobic respiration.
339
In support of the oxidative stress mechanism acting in ΔkatA but not in WT PAO1 in aerobically-340 evolved populations are the repeatedly observed mutations in iron assimilation genes, such as 341 mutations in genes encoding for TonB-dependent receptors which are essential for iron-siderophore 342 uptake in P. aeruginosa, mutations in genes encoding the siderophores pyoverdine and pyochelin 343 and in genes encoding various iron binding and redox-proteins (PQQ). Mutations in these genes 344 might represent a protective mechanism against iron uptake probably as a defense mechanism 345 against increased intracellular production of ROS by the Fenton reaction (36) as increased ROS 346 production was measured in ΔkatA biofilms compared to WT PAO1 (8) . Interestingly, it has been 347 reported that genes encoding TonB-dependent receptors were preferentially deleted in CF P. 348 aeruginosa isolates during adaptation in the CF lungs (34).
Although important for occurrence of mutagenic resistance in biofilms, oxidative stress is not the 350 only mechanism, as we have observed CIP resistant mutants also when PAO1 biofilms were Figure S1 ).
362
The genomic analysis of the aerobically evolved populations showed that the highest number of 363 mutations were observed in the CIP-evolved ΔkatA biofilm populations and this is in agreement 364 with the hypothesis that ciprofloxacin exposure induces mutations either via SOS response or 365 through increased ROS levels in the catalase deficient mutants compared to WT PAO1 (37,3).
366
Analysis of the mutational spectra revealed that A:T-C:G transversion was the most frequent 367 mutation type in ΔkatA populations and this has been previously shown to be related to unrepaired 368 oxidized guanine in the nucleotide pool (38). The genes belonging to the functional category of 369 secreted factors (toxins and enzymes) were also mutated in significantly higher number in CIP 370 evolved ΔkatA biofilm and planktonic populations compared to CTRL biofilms and planktonic populations and this is in accordance to our previous observations of loss of virulence factors during 372 evolution in the presence of CIP (26).
373
During the experimental evolution of ΔkatA biofilms, mutL mutants with mutator phenotype and 374 high MICs of ciprofloxacin evolved corresponding with our previously study on the association 375 between bacterial hypermutability and chronic inflammation in chronically infected CF patients, 376 which is a source of chronic oxidative stress (25). The high MIC levels of ciprofloxacin in the 377 mutator lineage were found to be related to mutations in the CIP target gene, gyrB. Interestingly, a 378 mutation at the same site C1397T causing S466F has been previously found in planktonic 379 experimental evolution of a hypermutator strain due to impaired repair of oxidative lesions 380 (PAOMY-Mgm)(39) (40) and both amino acid changes have been described in levofloxacin non-381 susceptible clinical P. aeruginosa isolates(41).
382
The genes found to be mutated in biofilms or planktonic evolution of both PAO1 and ΔkatA, 383 strongly suggest parallel and distinct evolutionary trajectories in the different mode of growth of P. by biofilm-growing P.aeruginosa with doses ensuring high antibiotic concentration at the site of 396 infection that can eliminate the first-step mutants or by combination therapy.
397
Mutations in the target genes of ciprofloxacin, gyrA and B were found only in the CIP-evolved 398 planktonic populations of WT PAO1(23)but not of non hypermutable ΔkatA lineages, which 399 phenotypically correlated to high MIC levels in planktonic WT PAO1 but not ΔkatA populations.
400
In conclusion, this study of the experimental evolution of ΔkatA in biofilm and planktonic growth is 
